We isolated a novel pungent principle from the flower buds of myoga. Based on an interpretation of the HR-MS, EI-MS, IR, UV, and NMR data, this compound was (8H) -14,17-cyclolabda-12,14(17)-diene-15,16-dial (mioganal, 1). We determined the threshold value of mioganal to be 5:6 Â 10 À5 g/ml, which is about eight times greater than that of 8(17)-epoxy-12(E)labdene-15,16-dial (miogadial), the main pungent principle in the flower buds of myoga. In addition, we examined the content of mioganal in different parts of different varieties. Mioganal is mainly distributed in the leaves of both natsumyoga and akimyoga varieties at 1.60 mg/100 g fresh weight on average, its amount being three times higher than that in the flower buds.
Ginger species (Zingiberaceae) including ginger (Zingiber officinale Roscoe) and turmeric (Curcuma longa L.) are used as dietary condiments throughout the world. Myoga (Zingiber mioga Roscoe, Zingiberaceae) is a perennial herb with pungent aromatic flower buds that is indigenous to eastern Asia and is widely cultivated throughout Japan. Since ancient times, the Japanese have used the buds as both a spice and a pickle-currently, more than 5,000 tons of the buds are consumed each year. Additionally, in both Japan and China, myoga flower buds and rhizomes are traditional herbal medicines used to combat cough and rheumatism.
1) The characteristic aroma and pungent flavor of the flower buds are respectively caused (at least in part) by the presence of 2-alkyl-3-methoxypyrazines (with the alkyl being an isobutyl or isopropyl group) and 8(17)-epoxy-12(E)labdene-15,16-dial (miogadial).
2,3)
The labdane-type diterpene trialdehydes, 12(E)-labdene- 15,16,(8) ,17-trial (miogatrial), galanal A, and galanal B, are also found in myoga flower buds and exhibit certain biological activities. Miogatrial potently inhibits both platelet aggregation and human 5-lipoxygenase activity. 4) Galanals A and B are cytotoxic, inducing apoptosis of Jurkat human T lymphoma cells. 5) In addition, galanals A and B impair the mitochondrial function. 6) Miogadial, the only previously identified pungent principle of myoga flower buds, strongly inhibits human platelet aggregation, human 5-lipoxygenase activity, and lipopolysaccharide/interferon--induced nitric oxide generation. 4, 7) Recent reports have indicated that other pungent principles from ginger species such as 6-gingerol, 6-shogaol and 1 0 -acetoxychavicol acetate have physiological activity. 8, 9) We therefore screened further for pungent principles from the flower buds of myoga.
We here report the isolation of a novel pungent principle from myoga flower buds that we show to be a tricyclic diterpene dialdehyde. We also report its taste threshold value, together with that of related compounds, and the content of this novel pungent principle in different parts of different myoga varieties.
Materials and Methods
Materials. Fresh myoga flower buds and water pepper sprouts were purchased from a market in Takasaki City, Japan. Capsaicin was obtained from Calbiochem. Co., polysorbate-80, ethanol and o-phthalaldehyde were from Kanto Chemical Co., and mineral water was from Suntory Co.
Equipment. A Shimadzu LC-10A instrument equipped with Tosoh silica-60 columns ('7:8 Â 250 mm and '4:5 Â 250 mm) and a UV detector (233 nm) were used for HPLC. UV spectra were recorded with a Shimadzu UV-160 spectrophotometer, and optical rotation was measured with a Jasco P-1010 polarimeter. Melting points (mp) data were measured with Mitamura Riken melting point apparatus. IR spectra were recorded with a y To whom correspondence should be addressed. Fax: +81-27-352-1169; E-mail: mabe@takasaki-u.ac.jp Jasco FTIR-420 spectrophotometer, using samples dissolved in CHCl 3 and spotted on NaCl plates.
1 H-(500 MHz) and 13 C-(125 MHz) NMR spectra of samples dissolved in CDCl 3 were acquired with a Jeol ECA-500 spectrometer. Tetramethylsilane was used as the internal standard. Mass spectra were recorded with a Jeol JMS 700 mass spectrometer.
Isolation of authentic miogadial, galanals A and B, and polygodial. Fresh myoga flower buds (500 g) were homogenized in ethyl acetate with a blender. The homogenate was allowed to stand for 3 h at room temperature. After filtration, the filtrate was concentrated under reduced pressure and then fractionated by flash chromatography in a silica gel FL-100DX column (Fuji Silysia Co.; '2 Â 40 cm), using ethyl acetatebenzene-chloroform (1:4:6) as the solvent. The most active fraction was separated by HPLC, using 4% acetone in n-hexane as the mobile phase at a flow rate of 4.0 ml/min, to give miogadial (200.0 mg) and galanals A (26.0 mg) and B (53.0 mg). 3) Polygodial was prepared from 200 g of the sprouts of Polygonum hydropiper L. which were homogenized in ethyl acetate with a blender. After the mixture had been left undisturbed for 3 h at room temperature, the solvent was removed under reduced pressure until a brown syrup remained that was then fractionated by silica gel chromatography with ethyl acetate-benzene-chloroform (1:4:6). Sensory screening was done by placing a drop of each concentrated fraction on the human tongue. The fraction having a pungent taste was separated by HPLC (mobile phase of 3% acetone in n-hexane; flow rate of 4.0 ml/min) to isolate polygodial (70 mg). That the isolated compounds were indeed miogadial, galanals A and B, and polygodial was proven by EI-MS, 1 H-NMR, and 13 C-NMR analyses.
Isolation of 1. Buds (5 kg) were homogenized in ethyl acetate with a blender. The homogenate was left to stand for 3 h at room temperature and then filtered. The filtrate was first concentrated under reduced pressure and then separated into three fractions (A-C) by Kieselgel 60 silica gel column chromatography ('2 Â 20 cm column) with 15% acetone in n-hexane as the solvent. All fractions were concentrated and tested for their pungency by placing each sample on the human tongue. The components of the most pungent fraction (fraction B) were separated by HPLC, using 4% acetone in n-hexane as the mobile phase at a flow rate of 4.0 ml/min. This procedure separated the pungent species, 1 (15.0 mg yield; t R ¼ 18:0 min), from miogadial (t R ¼ 21:0 min). An ethanol solution of 1 had the characteristic hot taste of myoga.
1 was obtained as colorless needles; mp 120-123 C; UV max (EtOH) nm (") 233 (19440) Sensory evaluation. Sample preparation. The tested samples, miogadial, mioganal, polygodial and capsaicin, were each dissolved in an ethanol solution mixed with polysorbate-80 before dilution with water. The final concentration of ethanol was 0.1% (v/v), because the panelists for the sensory evaluation could sense the ethanol (which was used to stimulate the tongue) at a 1% concentration. The final concentration of polysorbate-80 was 0.2%. The tested samples were prepared promptly before evaluation and kept at room temperature.
Determination of the detection threshold. Sensory evaluations of mioganal, miogadial, and polygodial were conducted according to the method of Sugai et al. 10) Seventeen panelists, ages 21-23, participated in the taste tests. All threshold detection experiments were conducted at room temperature, since the environmental temperature influences a subject's evaluation.
10) The concentration of the solution at which the panelists could perceive pungency was determined by diluting in a binary manner with water containing both ethanol and polysorbate-80. Water containing only 0.2% polysorbate-80 and 0.1% ethanol was used as the control. The minimum concentration that was perceived as pungent is designated as the threshold detection value. A capsaicin solution was used as the standard reagent for sensory evaluation of the tested compounds. These experiments were carried out under the ethical guidance of our university.
Quantitative analysis of
The fresh leaves, stems, flower buds and rhizomes were separated, and then 100 g of each was individually homogenized with a blender and extracted three times with 100 ml of ethyl acetate. The miogatake was also treated by the same method. The combined extract was concentrated under reduced pressure to dryness and then dissolved in 10 ml of ethyl acetate. The ethyl acetate solution was filtered through a disposable filter to avoid decomposition of the compounds in the solution, because terpene dialdehyde compounds are unstable in a silica gel or alumina column.
11) A portion (20 ml) of the solution was subjected to HPLC. Each sample was analyzed in triplicate. The mobile phase used for analyzing 1 was 7.5% acetone in hexane, and the flow rate of the eluate was 2 ml per min. The amount of 1 was quantified by HPLC by comparing the measured peak area with the calibration curve from 1 as a standard. 35 and 6 .97). The HMBC spectrum of 1 contains peaks associated with long-range correlations between the following protons and carbons: 3-H and 19-C; 5-H with both 18-C and 19-C; 8-H and 14-C; 9-H with both 10-C and 20-C; 12-H and 13-C; 15-H and 14-C; 16-H and 13-C; and 17-H with both 14-C and 15-C. These correlations characterize the partial structure -CH 2 CH=CC=CH-. In addition, these spectral data indicate that the 15-H aldehyde was attached to 14-C, and the 16-H aldehyde to 13-C. The EI-MS data of 1 include the distinctive fragment ion peak (m=z 137) associated with labdane-type diterpenes.
Results and Discussion
12) Furthermore, it can be inferred that 1 had a tricyclic structure, which satisfies its required degree of unsaturation. As shown in Table 1 , the NMR data for 1 are similar to those of galanal A and B, except that resonances for a hydroxyl group and a conjugated double bond are absent. 13) Taken together, the data confirm that 1 was 14,17-cyclolabda-12,14(17)-diene-15,16-dial.
The NOESY spectrum of 1 contains NOE cross peaks associated with 5-H and 9-H; 7-H and 17-H; 8-H and 
11-H; 12-H and 16-H; 15-H and 17-H; and 19-H and 20-H. The presence of the NOE cross peaks involving
12-H and 16-H, and 15-H and 17-H suggests that, for each pair, the two hydrogens resided on the same side of the double bond. A molecular model of 1, which was built from the data presented in this paper, reveals that 8-H and 9-H were respectively oriented -and -axially. Therefore, the B/C ring junction was in the trans configuration. 13) We thus isolated a novel pungent principle from myoga, which we named mioganal, and characterized its structure as (8H)-14,17-cyclolabda-12,14(17)-diene-15,16-dial.
Threshold detection values for mioganal, miogadial, and polygodial Table 2 shows the threshold detection values for capsaicin, our standard reagent for the sensory evaluation of mioganal, miogadial and polygodial. A black dot in the table indicates that a panelist could taste capsaicin at the specified concentration. Each panelist was tested for the ability to taste capsaicin before proceeding with taste tests on miogadial, mioganal, and polygodial. The panelists' mean threshold detection value for capsaicin was 8:9 AE 3:5 Â 10 À8 g/ml, which is consistent with previous results (8:6 AE 2:9 Â 10 À8 g/ml).
10) The threshold values for miogadial, mioganal, and polygodial are shown in Table 3 . Miogadial had threshold values between 3.125 and 0:097 Â 10 À5 g/ml. The largest number of panelists evaluated the threshold value as 0:390 Â 10 À5 g/ml. The threshold values for mioganal ranged between 12.50 and 3:125 Â 10 À5 g/ml. Ten of the seventeen panelists evaluated the threshold value as 3:125 Â 10 À5 g/ml. The threshold value for mioganal was about eight times greater than that for miogadial. For polygodial, the threshold value was between 0.390 and 0:097 Â 10 À5 g/ml. The largest number of panelists evaluated the threshold value as 0:195 Â 10 À5 g/ml. Considering the threshold value of capsaicin obtained from this study, the threshold values for these three compounds are reasonable.
Distribution of mioganal in different varieties of myoga plants
We analyzed the content of mioganal in different parts of plants of different varieties as shown in Table 4 . Mioganal was eluated at a retention time of 8.5 min. It was mainly distributed in the leaves, where there was at least three times higher concentration than in the flower buds. The amount of mioganal in miogatake was almost as high as that of the flower buds in the akimyoga variety. We have already reported in the previous paper 14) that the average content of miogadial in the flower buds was 20.50 mg/100 g fresh weight. In the present study, the average amount of mioganal in the flower buds in both natsumyoga and akimyoga was 0.38 mg/100 g fresh weight, so the proportion of mioganal to miogadial was 1:54. The threshold value for mioganal was about eight times greater than that of miogadial, suggesting that the pungency of the flower buds of myoga was mainly from miogadial.
We have previously 3) reported that miogadial, which has the 3-formyl-3-butenal moiety, tasted hot, but that galanals A and B, which are also present in myoga and do not have a 3-formyl-3-butenal moiety, did not. We have reported here that mioganal had a 3-formyl-2-methylene-3-butenal group, and that it had a weaker hot taste than that of miogadial. o-Phthalaldehyde (Fig. 2) , which has a 3-formyl-2-methylene-3-butenal group, tastes about fifty times less pungent than does polygodial, which has the 3-formyl-3-butenal moiety. In addition, the 9-isomer of polygodial has no hot taste, but the 9,10-isomer is pungent. 15) It is therefore also considered that the configuration between the two aldehyde groups of mioganal decreases its pungency as compared with that of the 3-formyl-3-butenal moiety.
Therefore, the differences in pungency of mioganal, miogadial, and polygodial may have been caused, at least in part, by the 3-formyl-2-methlene-3-butenal and 3-formyl-3-butenal groups. In contrast to the foregoing example, ent-isocopal-12-en-15,16-dial, which has a tricyclic skeleton and has been isolated from Spongia officinalis, and scalaradial, which has a tetracyclic skeleton and has been isolated from Cacospongia mollior, are both tasteless. Both compounds contain a 3-formyl-3-butenal moiety, and Caprioli et al. have suggested that a tricyclic or tetracyclic skeleton might be too bulky to fit into the appropriate taste receptor's binding site. 15) However, 12-deacetoxyscalaradial, which has the same structure as scalaradial except for the acetoxy group, tastes hot. 16) De Rosa et al. 16) have suggested that the bulky acetoxy substituent at C-12 of scalaradial might be responsible for the lack of pungency. The acetoxy group might either affect the conformation of the nearby aldehyde group or alter the surface complementarity between scalaradial and its taste receptor's binding site. 16) Our finding that mioganal tasted milder than miogadial might have resulted from decreased permeability through the epithelium of the tongue owing to its tricyclic skeleton or from the presence of the 3-formyl-2-methlene-3-butenal structure rather than a 3-formyl-3-butenal moiety. Additional studies are necessary to confirm the structure-activity relationships between unsaturated dialdehydes and pungency, and to investigate the physiological function of mioganal.
In conclusion, we elucidated the structure of a novel pungent principle from myoga as (8H)-14,17-cyclolabda-12,14(17)-diene-15,16-dial (mioganal). Since its pungency was weaker than that of miogadial and its content was low, the pungency of the flower buds of myoga would have been mainly from miogadial. 
